To develop a bioanalytical method to support pharmacokinetic evaluation of DNDI-VL-2098 in mouse, rat, dog and hamster following oral administration. Results & methodology: A robust LC-MS/MS bioanalytical method was developed to quantify DNDI-VL-2098. DNDI-VL-2098 showed time-dependent recovery loss in acetonitrile precipitated plasma in all species. Acid-lysed whole blood was identified as a matrix in which recovery was stable over time. A two-step extraction procedure was used, with protein precipitation followed by liquid-liquid extraction with methyl tert-butyl ether. The assay was validated in the dynamic range of 5-5000 ng/ml for mouse, rat and dog blood, and a fit-for-purpose method was developed for hamster. Conclusion: A specific LC-MS/MS assay for DNDI-VL-2098 was developed and validated in hemolyzed blood.
Heterocyclic compounds containing nitro moieties are known for their antibacterial properties [1] . In particular, compounds of the nitroimidazole class have proved to be effective drugs against several anerobic and protozoan infections such as trichomoniasis, amoebiasis and giardiasis [2, 3] . Their biotransformation in vivo via reduction of the nitro group results in metabolites that are known to inhibit bacterial DNA synthesis [4] [5] [6] . Other nitroheterocyclic compounds such as the nitrofurans also undergo reduction of the nitro group as a prerequisite to their antibacterial activity [7, 8] . Recently, another class of compounds, the nitroimidazo-oxazoles has received attention. An extensively studied member of this class, delamanid (formerly called OPC-67683), which is a mycobacterial cell wall synthesis inhibitor, has been developed as a drug against multidrug resistant tuberculosis [9] [10] [11] . Delamanid undergoes 'degradation' in the presence of the plasma protein albumin to produce several metabolites [12, 13] in a process that appears to differ from classical enzyme mediated metabolism. Bioanalytical methods for determination of delamanid and its metabolites in various biological matrices have been developed [14, 15] .
DNDI-VL-2098 ( Figure 1 ), which also belongs to the nitroimidazo-oxazole class, shows activity in vitro and in vivo against Leishmania donovani and had potential as an agent against visceral leishmaniasis [16] . The candidate had entered the GLP toxicology studies in three preclinical species (mouse, rat and dog). However, based on toxicity data, it was decided not to progress this compound for further development. Our studies showed that the compound is unstable in plasma at ambient temperature and estimation of concentrations in plasma proved to be challenging. Multiple stabilizers were evaluated during method development to improve the stability. Our studies revealed that, following addition of acetonitrile as a precipitating agent, there is a time-dependent loss of the compound in the supernatant, which is mirrored by its association with the pellet. In this study, strategies for overcoming Research Article Patel, Uppal, P et al. the challenges seen in quantitative analysis, in particular the instability of DNDI-VL-2098 encountered during development and validation of the LC-MS/MS method, are described. We report here a specific and sensitive LC-MS/MS method for the quantitative measurement of DNDI-VL-2098 in mouse, rat, dog and hamster blood using a reverse phase column, isocratic premixed mobile phase and a two-step sample preparation procedure to achieve maximum extraction efficiency along with application of the assay to pharmacokinetic studies. The method developed and validated here prevented the ex vivo metabolism of DNDI-VL-2098 and helped in the quantification of the compound. The quantification of metabolites formed was not performed in this study.
Experimental section
Chemicals & materials DNDI-VL-2098 analytical standard was synthesized and characterized at Eurofins Advinus Ltd (formerly known as Advinus Therapeutics Ltd) [17] . Internal standard (IS) DNDI-VL-2075 was provided by the Auckland Cancer Society Research Centre, New Zealand. HPLC-grade acetonitrile and potassium dihydrogen phosphate were purchased from Merck. Ammonium acetate (Puriss for Mass spectrometry) and MS-grade formic acid were purchased from Merck Sigma-Aldrich (Fluka). HPLC-grade DMSO and HPLC-grade methyl tert-butyl ether were purchased from Spectrochem and JT Baker, respectively. Hydrochloric acid (AR grade) was purchased from Qualigens. 14 C-DNDI-VL-2098 (55.71 mCi/mmol) was manufactured by Selcia Limited, Essex, UK.
Instrumentation & chromatographic conditions
Samples were analyzed on AB Sciex API 3200 and API 4000 triple-quadrupole mass spectrometers (CA, USA), Shimadzu SIL series HPLC systems (Kyoto, Japan) equipped with a degasser DGU-20A5, isopump LC-20AD, column oven CTO-10AS and an autosampler SIL-HTc. The column oven and autosampler temperature were maintained at 35 ± 2 • C and 4 ± 1 • C, respectively. Volumes of 10 and 2 μl processed samples were injected onto HPLC columns during analysis on API 3200 and API 4000 instruments respectively. The optimized column and mobile phase conditions for each matrix are summarized in Table 4 .
The mass spectrometers were operated in positive electrospray ionization mode to monitor the MRM transitions of m/z 360.20 → 175.1 and 360.20→ 231.00 for DNDI-VL-2098 and m/z 370.2→241.2 for the analog IS (DNDI-VL-2075). The following mass spectrometric parameters were optimized for the study: ion spray voltage -5500 V, source temperature -500 • C, curtain gas 10 psi, collision gas 10 psi, nebulizing gas 30 psi, auxiliary gas 55 psi and collision energy 32 MeV for analyte and 17 MeV for IS. The fragmentation pattern for DNDI-VL-2098 is presented in Figure 2A . Data were acquired and analyzed using AB Sciex Analyst software version 1.5.1. 
Stability evaluation in mouse, rat, dog & hamster blood & plasma
During the initial phase of method development, the stability of DNDI-VL-2098 was assessed in mouse, rat, dog and hamster whole blood, and in plasma, followed by analysis by LC-MS/MS. The stability experiments in plasma were performed both at ambient temperature and in an ice-bath; the experiments in whole blood were performed future science group www.future-science.com at ambient temperature. Initially, whole blood and plasma were incubated at the experimental temperature for 15 min. Following this preincubation, 2.5 μl aliquots of DNDI-VL-2098 stock solutions in DMSO (300 and 80 μg/ml) were spiked into 47.5 μl of blood/plasma to obtain final concentrations of 15 and 4000 ng/ml. The samples were then incubated for 0, 0.25, 0.5, 1, 2 and 4 h at ambient temperature and in an ice-bath, and the reactions were terminated at the preset time points by addition of 400 μl of acetonitrile containing IS. The stability of DNDI-VL-2098 in whole blood and plasma was investigated in the presence of enzyme inhibitors such as sodium fluoride, EDTA, paraoxon and dichlorvos, and antioxidants such as sodium metabisulfite. Studies to understand the effect of pH on the stability of DNDI-VL-2098 in a biological matrix were performed in a similar fashion, with the addition of ammonia or NaOH to increase the pH, and orthophosphoric acid, formic acid and hydrochloric acid to decrease the pH. The experiment with 0.1 N HCl was performed by premixing whole blood and plasma with 0.1 N HCl in 1:1 (v/v) proportion, resulting in lysis of the blood cells. Following a 15-min preincubation of the lysed blood (room temperature), DNDI-VL-2098 was spiked into the acidified biological matrix to obtain final concentrations of 15 and 4000 ng/ml. The samples were incubated on the bench top, and at 0, 1, 2 and 4 h postincubation, the reactions were terminated and samples analyzed. All samples were processed by protein precipitation followed by liquid-liquid extraction and injected in LC-MS/MS as described in 'sample preparation' section.
Evaluation of degradation/metabolism of DNDI-VL-2098 in Sprague-Dawley rat plasma using 14 C radiolabeled test compound A 4 mg aliquot of 14 C-DNDI-VL-2098 (55.71 mCi/mmol) was weighed into a 1 ml volumetric flask and dissolved in 1 ml methanol to prepare a 4 mg/ml or 617.2 μCi/ml solution. Triplicate incubations of 14 C-DNDI-VL-2098 in plasma were performed per time point for 0, 2, 4, 6 and 17 h. For each incubation replicate, 2.5 μl of the 14 C-DNDi-VL-2098 stock solution (4 mg/ml; 617.2 μCi/ml) was spiked into 47.5 μl of blank plasma in microfuge tubes. Following incubation at room temperature, the reactions were terminated at the preset time points by addition of 0.2 ml acetonitrile. The tubes were vortexed and centrifuged in an Eppendorf centrifuge (20,817 g; 10 min; 4 • C), following which almost complete supernatants were transferred to 50 ml Falcon centrifuge tubes and 15 ml Hionic-Fluor scintillation cocktail (Perkin-Elmer, MA, USA) was added. After vortexing and equilibration for 30 min, radioactivity was measured on a Liquid Scintillation Analyzer (Perkin-Elmer, TRI-CARB 4910TR 110 V Liquid Scintillation Counter). About 1 ml of sodium hypochlorite solution was added to the residue pellet in the microcentrifuge tubes, and the samples were incubated for 30 min at 60 • C. The resulting solutions were transferred to 50 ml centrifuge tubes, scintillation cocktail was added and, following equilibration for 30 min, the tubes were subjected to liquid scintillation counting. The radioactivity was not determined individually for the parent and the metabolite. The total radioactivity was determined in both the supernatant and the residue pellet using liquid scintillation counter.
Method development & validation

Standard solutions
Two individual stock solutions (1.0 mg/ml) of DNDI-VL-2098 and one stock solution of IS DNDI-VL-2075 were made in DMSO for the preparation of calibration curve (CC) standards and quality control (QC) samples. The primary stock solutions were diluted with acetonitrile to prepare intermediate stocks and working solutions. The CC stock solution was diluted with acetonitrile to produce working solutions (WS) over the range of 100 ng/ml to 100,000 ng/ml. The QC stock was diluted with acetonitrile to produce working solutions over the range of 100 ng/ml to 80,000 ng/ml. The IS stock solution was diluted with acetonitrile to prepare a 5 μg/ml working solution.
Calibration standards & QC samples CC and QC samples were prepared by adding 5 μl of WS to a mixture of 95 μl control K 2 EDTA blood and 100 μl 0.1 N HCl. Control blank and zero standard samples were spiked with 5 μl of acetonitrile. After vortex mixing (20 s) the samples were centrifuged (2000 g; 2-10 • C; 5 min). The 50 μl aliquots of supernatant were spiked with the IS (20 μl of WS). A nine-point CC (5.01, 10.02, 20.04, 57.25, 163.56, 467.31, 1335.18, 3814.80 and 5019.48 ng/ml) was constructed by plotting the ratio of the peak areas of DNDI-VL-2098 and DNDI-VL-2075 against the nominal concentration of calibration standards in the control matrix. The data were subjected to linear regression with a 1/x 2 weighting.
Sample preparation
The sample extraction method was a two-step procedure involving protein precipitation with acetonitrile, followed by liquid-liquid extraction (LLE) of the supernatant with MTBE. Briefly, 100 μl blood was diluted 1:1 with 0.1 N HCl and centrifuged (2000 g; 2-10 • C; 5 min). To a 50 μl aliquot of the supernatant, 20 μl of IS working solution was added, followed by 400 μl of acetonitrile. After vortex mixing (30 s), the samples were centrifuged (2000 g; 2-10 • C; 5 min). Subsequently, 375 μl of supernatant were transferred into pre-labeled RIA vials, and 100 mM KH 2 PO 4 buffer was added. Extraction was performed with MTBE to further purify the sample. A 2 ml aliquot of MTBE was added, the contents were vortex-mixed (5 min) and then subjected to centrifugation (2000 g; 2-10 • C; 5 min). A 2 ml aliquot of the supernatant organic phase was transferred to a clean plastic tube and evaporated to dryness under a flow of nitrogen gas at 50 • C. The residue was reconstituted with 200 μl of the mobile phase, and 2 μl of the reconstituted sample was injected into the LC-MS/MS system for analysis.
Method validation
Bioanalytical method validation for DNDI-VL-2098 in mouse, rat and dog blood was performed as per USFDA [18] and EMA [19] guidelines. The experiments included linearity, accuracy and precision, specificity/selectivity, stability, reinjection reproducibility, recovery, matrix effect and carryover. Conventional small molecule chromatographic method validation acceptance criteria were applied as specified in the USFDA and EMA guidance documents for bioanalytical method development and validation [18, 19] .
Method specificity was evaluated by analyzing samples from at least six different lots of blood per species for potential interference at the LC peak region of DNDI-VL-2098 and DNDI-VL-2075. The acceptance criterion was that at least five of six lots should have <20% area response in comparison to the mean response of the lower limit of quantification (LLOQ) sample for each matrix.
Analyte recovery was evaluated at four QC levels in hemolyzed blood. Six replicates each were prepared at the low QC (LQC, 14.90 ng/ml), medium QC 1 (MQC1, 993.33 ng/ml), medium QC 2 (MQC2, 1986.67 ng/ml) and high QC (HQC, 3973.33 ng/ml) levels by spiking DNDI-VL-2098 and IS (1.0 μg/ml) into blank matrix. Following extraction, recovery (%) was determined by comparing the mean peak area of extracted QC samples with that of corresponding neat samples prepared by spiking working solution into the mobile phase.
The matrix effect was determined in terms of matrix factor at two QC levels in hemolyzed blood as per the workshop/conference report published in AAPS Journal 2007 [20] . Two sets of samples at LQC and HQC were prepared (n = 6/set), one containing IS and analyte spiked into extracts of blank hemolyzed blood matrix (postextraction samples), and the other containing IS, and analyte spiked into the mobile phase (neat solution samples). The matrix factor was calculated using the equation below.
Matrix Factor = Peak area ration in post extracted samples Peak area ration in neat samples
Intra-assay precision and accuracy were estimated by analyzing six replicates at four different QC levels in mouse, rat and dog hemolyzed blood. Inter-assay accuracy and precision of the method were assessed in multiple analytical batches using six replicates of QCs for each run. The acceptance criterion for each back-calculated standard concentration was 85-115% accuracy from the nominal value, except for the LLOQ where it was 80-120%. The precision criterion was <15% RSD, except for the LLOQ where it was <20%.
Stability tests were conducted to evaluate the stability in matrix samples under different conditions. Bench-top stability (∼5 h), freeze-thaw stability from -70 and -20 • C (five cycles or below where unstable) and long-term stability were performed at LQC and HQC levels using six replicates at each level. Reinjection reproducibility was performed on an entire batch and stability evaluated at the levels of lower limit of quantification QC (LLOQQC, 5.11 ng/ml), LQC (15.04 ng/ml), MQC1 (1002.44 ng/ml), MQC2 (2004.88 ng/ml) and HQC (4009.75 ng/ml). Samples were considered stable if assay values were within the acceptable limits of accuracy.
Dilution integrity was evaluated for a 50-fold dilution with blank matrix. DNDI-VL-2098 spiked mouse, rat and dog blood samples were prepared at about 200,000 ng/ml and diluted with respective blank matrix to obtain a final concentration of about 4000 ng/ml. The acceptance criterion for accuracy and precision of each diluted sample's back calculated concentration was ±15% from the nominal value, and a precision of ≤15%. future science group www.future-science.com
Application to rat pharmacokinetic study All animal experiments were approved by the Institutional Animal Ethics Committee with the approval number ATL-42-PKR/2010-056/2010. All studies were in accordance with the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of Social Justice and Environment, Government of India.
Male Sprague-Dawley (SD) rats (220-240 g), from the Eurofins Advinus animal breeding facility, were acclimatized in the laboratory for 1 week prior to the experiments. All rats were maintained under standard environmental conditions with a 12 h light/dark cycle. Rats were fasted overnight for 12 h with free access to filtered water. Food was provided 4 h after dose administration.
Jugular vein cannulation was performed in six rats following the method of Upton et al. [21] . DNDI-VL-2098 was administered as a solution (20%
at a dose of 1 mg/kg intravenously. An oral suspension comprising 0.08% (v/v) Tween R 80 and 0.5% (w/v) sodium carboxymethylcellulose in water was administered as oral gavage at a dose of 50 mg/kg. Blood samples (approximately 120 μl) were collected from the jugular vein at pre-dose (0), 0.083 (IV only), 0.25, 0.5, 1, 2, 4, 6, 8, 10, 24, 48 and 72 h postdose administration into chilled microfuge tubes containing K 2 EDTA anticoagulant (final concentration 4 mM). The samples were mixed with K 2 EDTA by gentle inversion for a few seconds. A 75 μl aliquot of each blood sample was immediately added to other microfuge tube containing 75 μl of 0.1 N HCl and mixed well. The samples were centrifuged at 2600 g for 5 min at 2-8 • C, and the supernatant obtained was stored below -70 • C until bioanalysis.
Data analysis
Blood concentration time data were analyzed by noncompartmental analysis using the validated Phoenix R WinNonlin R software (Version 6.3) and pharmacokinetic parameters were calculated. For all pharmacokinetic parameters, values were determined from individual rats and the calculated mean and standard deviation were reported. Maximum blood concentration (C max ) and time to achieve that blood concentration (T max ) were the observed values. The area under the blood concentration-time curve (AUC last ) was determined using the linear trapezoidal rule from time zero to the time of last measurable concentration. The area under the curve from time zero to infinity (AUC inf ) was obtained by summing AUC last , and the extrapolated area determined by the ratio of the last measurable blood concentration (C last ) and the elimination rate constant (K el ). The elimination rate constant (K el ) was calculated from the elimination phase of the log-linear regression of blood concentration time data with a correlation coefficient >0.80. The terminal half-life (t 1/2 ) was calculated using the equation 0.693/K el and PK parameters, in other words, apparent volume of distribution at steady state (Vss) and clearance (Cl) were also calculated.
Results & discussion
Evaluation of stability of DNDI-VL-2098
Results of the stability evaluation of DNDI-VL-2098, spiked from a DMSO stock solution, into mouse, rat, dog and hamster plasma as a function of time at ambient temperature are presented in Figure 3 . The results indicate a decrease in the percent remaining of DNDI-VL-2098 with time. In the case of mouse and hamster plasma, there is a 13.5% increase in the compound remaining at 0.5 h compared with 0.25 h. The exact reason for this variation is unknown. The stability results in blood on wet ice are shown in Figure 3 . DNDI-VL-2098 was unstable in both whole blood and plasma with only about 40% remaining at the end of 4 h. The stability evaluation was also performed by spiking DNDI-VL-2098 prepared in 50% acetonitrile in water into blood. However, the same trend in stability was observed suggesting no impact of DMSO on the stability in blood.
This apparent instability was further observed in experiments using 14 C-DNDI-VL-2098 spiked into SD rat plasma ( Table 1 ). The experiment with the radiolabeled compound was performed to understand the loss of extraction efficiency by identifying the location of the radioactivity and to imitate the loss of unlabeled parent observed with time in plasma ex vivo. The 14 C radioactivity in the supernatant showed a decrease at 2 h and thereafter remained constant up to 17 h. In the pellet, the 14 C radioactivity increased from about 7% at 0 h to about 45% at 4 h, and thereafter remained constant until 17 h. The appearance of 14 C in the pellet mirrored its disappearance from the supernatant. This time-dependent association of 14 C radioactivity with the plasma protein pellet following acetonitrile precipitation could reflect intact DNDI-VL-2098 and/or its degradation/metabolism product(s) in the pellet. The experiment with the radiolabeled compound also established that the parent potentially did not metabolize into soluble metabolites, but the radiolabeled side of the structure remained in the precipitate generated in the plasma on the addition of acetonitrile. The radioactivity increased with time in the precipitate suggesting that the intact DNDI-VL-2098 and/or its degradation/metabolism product(s) may still be bound to the precipitated plasma proteins. The observations described above for DNDI-VL-2098 in spiked plasma differ from those seen for majority of compounds. For many drugs, recovery from spiked plasma precipitated with acetonitrile can be less than 100%, and the unrecovered drug is attributed to its association with the pellet. DNDI-VL-2098 has structural similarity to delaminid which associates with albumin and catalyzes its degradation. Efforts are in progress to identify any degradation/metabolism products of DNDI-VL-2098 in the pellet.
Sample processing approaches to enhance recovery Time-dependent recovery of DNDI-VL-2098 was observed in acetonitrile precipitated spiked plasma (Figure 3 ). This is contrary to what is seen for most compounds, with the exception of some ester prodrugs that are prone to the action of plasma esterases. Various approaches were assessed to address the issue including enzyme inhibitors, antioxidants and pH alteration (Tables 2 & 3) . At the time of development, the enzyme responsible for the future science group www.future-science.com degradation of the compound was not established and hence various enzyme inhibitors were screened. The enzyme inhibitors, like sodium fluoride, paraoxon and dichlorvos, are known for their esterase activity and inhibition against enzymes such as acid phosphatases and serine/threonine proteases. Addition of enzyme inhibitors including sodium fluoride, EDTA, paraoxon and dichlorvos, use of antioxidants such as sodium metabisulfite, and alkalinization of the matrix pH with ammonia or NaOH did not resolve the stability issue. On the contrary, there was an increase in compound stability in experiments where the pH of the matrix was reduced with orthophosphoric acid, formic acid and hydrochloric acid (Tables 2 & 3 ). However, use of formic acid resulted in gel formation upon freezing and thawing of samples, hampering its use, and orthophosphoric acid resulted in a 'dirty' sample (brownish in color after extraction). Eventually, further experimentation showed that instability could be overcome by acidification of blood or plasma with 0.1 N HCl (Tables 2 & & 3) . The loss of the drug was time dependent as shown in Figure 3 and necessitated a shorter sample processing time. For this reason, blood was selected as the matrix for determination of in vivo pharmacokinetic parameters. The choice of blood as the matrix eliminated the centrifugation and transfer steps required to obtain plasma and thus reduced the sample processing time. Blood samples were immediately hemolyzed postcollection by the addition of 0.1 N HCl. The acid in the samples served to quench the degradation reaction, presumably by denaturing the plasma proteins.
In addition, further bioanalytical method development studies indicated that the hemolyzed blood samples exhibited a significant matrix effect in LC-MS/MS analysis. The matrix effect could potentially be due to interference from endogenous phospholipids. A few approaches were evaluated to eliminate the matrix effect. Solid phase extraction was initially attempted; however, adequate cleanup of the sample was not achieved. Subsequently, a two-step processing protocol was devised. The first step included addition of acetonitrile to precipitate the proteins in the hemolyzed acidified blood. In the second step, the supernatant from the first step was subjected to liquidliquid extraction. Several solvents such as MTBE, ethyl acetate and hexane were assessed for extraction efficiency. Maximum recovery and significant reduction in matrix interference were achieved with MTBE, which was then used for further experiments.
LC-MS/MS method development
Reverse phase chromatography proved to be ideal for achieving retention of DNDI-VL-2098. Challenges relating to analyte retention and interference, potentially due to endogenous phospholipids, were overcome by identifying appropriate columns for the matrices. A C8 column proved optimal for rat, hamster and dog blood, while a C18 column was more suitable for mouse blood. Representative chromatograms of blank and spiked blood samples are presented in Figure 4 . An isocratic premixed mobile phase distinct for the different species (Table 4 ) was used to achieve adequate separation between the endogenous compounds and DNDI-VL-2098. Carryover was eliminated for all the matrices using the mobile phase as a rinsing solution (1 ml). The mass parameters were optimized in positive ion detection mode for the protonated molecular ions, m/z 360. 20 
LC-MS/MS method validation
Linearity of the standards was established in the concentration range of 5.01-5019.48 ng/ml in mouse, rat and dog hemolyzed blood. Different weighting factors were evaluated and best fit curve was observed with 1/x 2 weighting. The fit to a linear regression curve with 1/x 2 weighting showed a correlation coefficient r 2 of ≥0.99 in all cases [22] . All calibration standards showed deviation from nominal of ≤15%. The selectivity of the method, in other words, the assessment of whether the selected chromatographic peak is the analyte of interest, was established by determining the S/N ratio of blank matrix spiked with analyte solution at LLOQ concentration. The observed S/N ratio for the individual LLOQ samples in all species was ≥5.
Matrix effect
Although sample extraction by protein precipitation with acetonitrile resulted in sufficient and consistent recovery, a significant matrix effect was observed initially in the chromatography, prompting further sample clean up. This task was accomplished by liquid-liquid extraction with MTBE after protein precipitation. The matrix effect future science group www.future-science.com was investigated in terms of matrix factor using the postextraction spike method and ranged from 0.98 to 1.04 (Table 5 ) in different species, and was within acceptance criteria of 0.85 to 1.15, indicating that ion suppression or enhancement from the biological matrix was negligible when using the two-step sample extraction method.
Recovery
Recovery values in the different matrices at different QC levels are presented in Table 5 . The recovery of DNDI-VL-2098 ranged from 48.90 to 68.32% and that of DNDI-VL-2075 ranged from 58.15 to 75.30%. The two-step sample preparation procedure was adequate to achieve sample clean-up and consistent recovery across the CC range.
Accuracy & precision
Accuracy and precision data for intraday and interday blood samples are presented in Table 6 . Intraday and interday accuracy and precision values in all biological matrices were found to be within acceptable limits. For the LLOQ QC level, the intraday precision was 14.75% or less, while for the other QCs it was 11.19% or less. The interday precision for the LLOQ QC was ≤17.54% and for the other QCs, it was ≤10.25%. The accuracy for all the QCs was ≥86.86%. These results indicate that the method was accurate and precise for quantitative analysis of DNDI-VL-2098 in mouse, rat and dog blood.
Stability
Stability results obtained under various experimental conditions are summarized in Tables 7-9 . Storage times shown in the stability data tables were the longest period tested that met the acceptance criteria (mean value within 15% of the nominal concentration). The bench-top stability was evaluated for 5 h in rat and human blood, whereas it was evaluated for 22 h in mouse blood to understand any effects at longer duration of time. DNDI-VL-2098 was stable in the extracted samples in mouse, rat and dog blood assessed at room temperature and following multiple freeze-thaw cycles from -70 and -20 • C to room temperature. The processed samples, evaluated at low and high QC levels, were also found to be stable at the autosampler temperature. The reinjection reproducibility evaluated by reinjecting stored (4 ± 2 • C) calibrator, and QC extracts from the previous day's accuracy and precision batch indicated stability for up to at least 42 h 48 min. In addition, the stock and working solutions of DNDI-VL-2098, and IS DNDI-VL-2075 in DMSO, were stable for up to 63 days when stored at 2-8 • C.
Dilution integrity
The results for the dilution integrity experiments are summarized in Table 10 . Dilution integrity was confirmed future science group www.future-science.com for QC samples that exceeded the standard curve limits by diluting them 50-fold with blank matrix. The precision and accuracy for six sets of diluted QC samples were within the acceptable range for all species.
Pharmacokinetic study
The sensitivity and selectivity of the bioanalytical method was successfully evaluated by analyzing blood samples from a rat PK study. The pharmacokinetic parameters are presented in Table 11 and curves for the mean concentration of DNDI-VL-2098 in rat blood versus time are presented in Figure 5 . The doses administered were 1 and 50 mg/kg for intravenous and oral route, respectively. The low dose used for the intravenous administration was a limitation of the solubility of DNDI-VL-2098 for the preparation of a solution formulation. The oral dose was selected to evaluate the PK profile at the efficacious dose. The results suggest that for the IV route, the blood clearance was low (8.83 ml/min/kg), which is approximately 16% of normal hepatic blood flow (55 ml/min/kg) in rats. The volume of distribution at steady-state was high (approximately 3.31-fold higher compared with normal body water in rats) with an elimination half-life of 3.14 h.
For the oral route of administration, the mean peak blood concentration was 511 ng/ml, which was observed at around 4 h, suggesting a moderate rate of oral absorption. The mean blood exposures (AUC last and AUC inf ) were 1700 and 1910 ng.h/ml, respectively, and the oral bioavailability was high (89%).
Conclusion
Since DNDI-VL-2098 was found to be unstable in plasma and whole blood in ex vivo conditions, this bioanalytical method required a unique sample collection and preparation procedure. To stabilize DNDI-VL-2098, an equal volume of 0.1 N HCl was added immediately upon blood collection, and a two-step procedure was applied to extract DNDI-VL-2098 from the blood. The LC-MS/MS method for DNDI-VL-2098 described in this report was fully validated across three species, mouse, rat and dog, and was evaluated for its fitness for purpose in hamster blood. This assay has subsequently been used to analyze samples from various preclinical pharmacokinetic and toxicokinetic studies. future science group www.future-science.com
Future perspective
A bioanalytical method with a two-step sample preparation approach, protein precipitation followed by liquidliquid extraction, was successful in yielding clean samples from hemolyzed blood for DNDI-VL-2098. This approach may be useful 'dirty' samples such as bile and samples with analytes that suffer from matrix effects. In the future, newer sample preparation techniques such as solid phase extraction may be applied to the extraction of DNDI-VL-2098 and other nitroimidazoles. The addition of 1:1 0.1 N HCl to whole blood stabilized the analyte for the desired period. DNDI-VL-2098 having been discontinued as an oral agent for treatment of visceral leishmaniasis, this bioanalytical method could be extended to other nitroimidazole derivatives plagued with similar ex vivo stability issues.
Summary points
Method development • A robust, sensitive and quantitative method was developed and validated for the determination of DNDI-VL-2098 in mouse, rat and dog blood. The same method was successfully evaluated for its fitness of purpose in hamster blood.
• A novel approach was used to effectively stabilize the analyte DNDI-VL-2098 in whole blood by the addition of an equal proportion of 0.1 N HCl.
• A two-step sample preparation protocol was developed for the extraction of DNDI-VL-2098 from hemolyzed blood, which included extraction using protein precipitation followed by liquid-liquid extraction. This two-step process resulted in cleaner samples and helped to diminish previously observed matrix effects.
• The method was developed utilizing very low sample volumes (50 μl), an isocratic mobile phase for chromatographic resolution and the structural analog DNDI-VL-2075 as an internal standard. Application • This is the first bioanalytical method reported for the quantification of DNDI-VL-2098 in mouse, rat, dog and hamster blood using an LC-ESI-MS/MS method.
• The method was successfully used to characterize the pharmacokinetic parameters of DNDI-VL-2098 in rat.
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